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REMARKS 

Claims 3-55 have been canceled by the Amendment. Thus, the pending claims are 1 , 2, 
56 and 57. 

Claim 1 has been amended to recite testing for the remission stage of atopic dermatitis in 
"a test subject having atopic dermatitis." Claim 1 has also been amended to recite comparing the 
expression level measured with "the expression level of the NOR-1 gene in the eosinophil cells 
of the test subject during the exacerbation stage of atopic dermatitis." Support for these 
amendments can be found in Example 1 of the Specification and, in particular, at page 36, lines 
21-22 and Table 5. 

Claim 56 has been amended to recite assessing the effect of a therapy on "an individual in 
the exacerbation stage of atopic dermatitis." Claim 56 has also been amended to recite 
"determining whether the test subject has had a decrease in eosinophil cell number after the 
therapy." Claim 56 has further been amended to recite that the increase in NOR-1 gene 
expression level and "a decrease in eosinophil cell number" after the therapy indicates "that the 
therapy has been effective." Support for these amendments can be found in the Specification in 
Example 1 and, in particular, at page 43, line 7 through page 44, line 20 and Tables 2 and 5. 

No new matter has been added. Further remarks are set forth below. 

Rejection of Claims L 2 and 54-57 Under 35 U.S.C. §112. First Paragraph 

Claims 1, 2 and 54-57 have been rejected under 35 U.S.C. § 1 12, first paragraph for 
failing to comply with the enablement requirement. The Examiner states that the claims contain 
subject matter which was not described in the specification in such a way as to enable one skilled 
in the art to which it pertains, or with which it is most nearly connected, to use the invention and 
that, without further guidance, a person of skill in the art could not use the invention as claimed 
without undue experimentation. Specifically, the Examiner asserts that the increase in NOR-1 
gene expression could be due to treatment with drugs rather than due to entry of the subjects into 
the remission stage and further alleges that without data on the expression of the NOR-1 gene in 
those individuals treated with drugs who were healthy or who were in the exacerbation stage yet 
unresponsive to the drugs, that it is not predictable whether NOR-1 gene expression could be 
used to accurately diagnose the remission stage of atopic dermatitis without undue 
experimentation. In addition, the Examiner states that the term "test subject" in claims 1, 2, 54 
and 55 encompasses any subject and that Applicants' results are not enabled for taking 
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measurements in a test subject who is healthy or in the exacerbation stage of atopic dermatitis, 
nor for comparing NOR-1 expression levels in different individuals. The Examiner also states 
that claims 56 and 57 lack enablement for an individual with atopic dermatitis who is already in 
the remission stage. 

The Examiner acknowledges that he "does not dispute the decrease in eosinophil number 
and increase in NOR-1 gene expression observed in four out of seven of the atopic dermatitis 
patients in the remission stage, as compared to the exacerbation stage." (See Office Action 
1 1/18/2005 at page 5, lines 17-19). The Examiner further notes that, with respect to claims 1, 2, 
54 and 55, that Applicants' results would provide enablement for the recited methods if the test 
subject and exacerbation subject were the same individual, the Examiner stating that Applicants' 
would be enabled for "a method of testing for the remission stage of atopic dermatitis comprising 
measuring NOR-1 gene expression in a subject in the exacerbation stage of atopic dermatitis, 
treating the subject, measuring NOR-1 again, and comparing the two test results, wherein the 
remission stage of atopic dermatitis associated with a decrease in eosinophils cell number is 
indicated by an increase in NOR-1 gene expression in the second measurement." (See Office 
Action 1 1/18/2005 at page 6, lines 9-20). Further, the Examiner states that, with respect to 
claims 56 and 57, drawn to assessing the effect of a therapy on the atopic dermatitis of an 
individual, the claims are enabled if an increase in NOR-1 gene expression "indicates that the 
individual in the exacerbation stage has entered the remission stage associated with a decrease in 
the number of eosinophil cells." (See Office Action 1 1/18/2005 at page 7, lines 19-27). 

In order to make a rejection based on enablement, the Examiner has the burden to 
establish a reasonable basis to question the enablement provided for the claimed invention. In re 
Wright, 999 F.2d 1557, 27 USPQ2d 1510, 1513 (Fed. Cir. 1993) (emphasis added). As stated by 
the Federal Circuit Court "it is incumbent upon the Patent Office, whenever a rejection on this 
basis is made, to explain why it doubts the truth or accuracy of any statement in a supporting 
disclosure and to back up assertions of its own with acceptable evidence or reasoning which is 
inconsistent with the contested statement. Otherwise, there would be no need for the applicant to 
go to the trouble and expense of supporting his presumptively accurate disclosure." 439 F.2d at 
224, 169USPQ at 370. 

In this case, the Examiner's basis for questioning enablement of the claimed method (i.e., 
that there is no data showing the level of NOR-1 gene expression in individuals who were treated 
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with drugs but did not enter the remission stage of atopic dermatitis) is not a reasonable basis to 
question the objective truth of Applicants' disclosure. In fact, the Examiner's assertion that, 
without this data, the increase in NOR-1 gene expression could be due to drug treatment instead 
of due to the subjects' entry into the remission stage of atopic dermatitis is pure speculation. 
Tables 2 and 5 provide measurements for individuals with atopic dermatitis who were treated 
with drugs and entered a remission stage associated with a decrease in eosinophil cell numbers 
(i.e., patients 1, 2, 3 and 5). The NOR-1 gene expression levels for patients 1, 3 and 5 increased 
dramatically when the patients entered the remission stage associated with a decrease in 
eosinophil cell number, and this increase in NOR-1 gene expression was confirmed by statistical 
analysis. Contrary to the Examiner's statement, Applicants have disclosed corresponding data 
for individuals in the exacerbation stage of atopic dermatitis who were less responsive to drug 
treatment. Specifically, Tables 2 and 5 also provide measurements for individuals who were 
treated with drugs but did not enter the remission stage associated with a decrease in eosinophil 
cell number (i.e., patients 4, 6 and 7). In contrast to patients treated with drugs who entered the 
remission stage of atopic dermatitis associated with a decrease in eosinophil cell number, NOR-1 
expression in patients 4 and 6 greatly decreased while there was only a small change in NOR-1 
expression in patient 7. Faced with the aforementioned data, one having skill in the art would 
not have concluded that the drug treatment caused a change in NOR-1 expression. Instead, based 
on his knowledge of the art, the skilled artisan would have interpreted the data to have shown 
that an increase in NOR-1 expression and a decrease in eosinophil cell number were associated 
with the transition of patients into the remission stage of atopic dermatitis. 

Moreover, the Examiner's assertion that drug treatment alone could have caused the 
increase in NOR-1 gene expression has been disproved in Kagaya S et al.IntArch Allergy 
Immunol, 137(suppl l):35-44, 2005 (hereinafter "Kagaya et a/."), a copy of which is attached as 
Exhibit A. Kagaya et al teaches that NOR-1 gene expression is in fact unchanged due to drug 
(i.e., steroid) treatment. Thus, Kagaya et al demonstrates that steroids, given as an endemic 
liniment, do not affect the expression of the NOR-1 gene (see at page 42, cols. 1-2). 

Accordingly, based on the data disclosed in the Specification and his knowledge of the 
art, one having skill in the art would have concluded that drug treatment alone did not cause an 
increase in NOR-1 gene expression and, consequently, could have practiced the claimed methods 
in a predictable manner. Thus, the Specification enables one of skill in the art to practice the 
claimed invention without undue experimentation. 
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Claims 54 and 55 have been canceled, thereby obviating the rejection with respect to 
those claims. Claim 1 has been amended to recite "a test subject having atopic dermatitis" to 
better define the test subjects the method encompasses. Claim 1 has also been amended to recite 
comparing the expression level of NOR- 1 measured in the test subject having atopic dermatitis to 
that in the eosinophil cells of "the test subject during the exacerbation stage of atopic dermatitis" 
such that the test subject and exacerbation subject in the claimed method are the same individual. 
Thus, as amended, Claim 1 and dependent Claim 2 meet the enablement requirement of 35 
U.S.C. § 1 12, first paragraph. 

Further, Claim 56 has been amended to recite assessing the effect of a therapy on an 
individual "in the exacerbation stage of atopic dermatitis" in order to better define those 
individuals encompassed by the method. In addition, to better define the method, Claim 56 has 
been amended to include a step of "determining whether the test subject has had a decrease in 
eosinophil cell number after the therapy" and recite that an increase in NOR-1 gene expression 
and "a decrease in eosinophil cell number" after the therapy indicate that "the therapy has been 
effective." Therefore, amended Claim 56 and dependent Claim 57 satisfy the enablement 
requirement under 35 U.S.C. § 1 12, first paragraph. 

Accordingly, as amended, Claims 1, 2, 56 and 57 of the subject application are fully 
enabled by the Specification such that one having skill in the art, based on the application 
disclosure and his knowledge of the art, could practice the claimed invention without undue 
experimentation. Reconsideration and withdrawal of the rejection are requested. 

Information Disclosure Statement 

As requested by the Examiner, a clean copy of the PTO-1449 form enclosed with the 
Information Disclosure Statement (IDS) filed on 6/7/2004 is being provided so that the Examiner 
can indicate consideration of references AM, AO and AQ for the application filewrapper. 
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CONCLUSION 

In view of the above amendments and remarks, it is believed that all claims are in 
condition for allowance, and it is respectfully requested that the application be passed to issue. If 
the Examiner feels that a telephone conference would expedite prosecution of this case, the 
Examiner is invited to call the undersigned. 



Respectfully submitted, 

HAMILTON, BROOK, SMITH & REYNOLDS, P.C. 

By J jflu lJfl k§ 4s/*Jj /l, 

Kamilah Alexander f 
Registration No. 57, 210 
Telephone: (978) 341-0036 
Facsimile: (978)341-0136 



Concord, MA 01742-9133 
Dated: <r^, 2-1 } 2.00b 
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Abstract . 

To identify novel genes related to the dln.eal signs of 
atopic dermis (AD), differentially expweod ginM 
ware sought in peripheral blood eosinophils from both 
AD patient* and healthy volunteers. RNA was prepared 
from eosinophils, expression of various genes was mon- 
itored using the Asymetrix .GeneChip, and expression 
was Quantified by real-time RT-PCR. Two genes, Nur77 
and NOR1, members of NR4A orphan nuclear receptor 
family, were expressed at a significantly higher level m 
AD patients than in healthy volunteers. Expression of 
another gene in the NR4A receptor family, Nurrl. was 
also higher in AD patients than in healthy volunteers. 
VVhen peripheral blood leukocytes from healthy volun- 
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tears ware fractionated, NOR1 expression was highest 
in eosinophils, but expression of Nur77 and Nurrl genes 
was not eosinophil-speolflc. Extremely intense apopto- 
sis was induced in both eosinophils and an ««inophi 
cell line. AML14.3D10, by treatment with antibody (Ad) 
to both CD30 8nd Fas. Rapid expression of the genes for 
the NR4A receptor family was observed with antl-CD30 
Ab treatment but not with anti-Fas Ab. The NR4A orphan 
nuclear receptor family gene expression and the subse- 
quent eosinophil apoptosis were downregulated by the 
MAPK inhibitor, U0126. These results suggest that The 
expression of the NR4A receptor family genes through 
CD30 signaling may regulate eosinophil apoptos.s in al- 
lergic conditions such as AD. 

CoDvtiflM tp »na Kargflr ab, Swot 



Introduction 

! While both multigene interactions and environmental 
Factors are likely to contribute to allergic diseases, eosino- 
phils play causative roles in conditions such as asthma 
( and atopic dermatitis (AD) [4, 5], and are icvolved 
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in tissue damage during the chronic phase of allergic dxs~ 
eases. An understanding of gene: expression in eosinophils 
would be helpful to explain the pathogenesis of allergic 
diseases. Recent improvements in the technology of com- 
prehensive gene expression analysis, such as differential 
display 16, 7], DNA microaxray [8, 91 <ind<rcal-iirnc RT- 
PCR [10, 11], make possible the efficient survey of the 
expression of large numbers of genes in clinical samples. 

compared gene expression in peripheral blood eo- 
sinophils from both AD patienis and healthy volunteers 
and identified some genes thai were differentially ex- 
pressed [12]- Some of the differentially expressed genes 
belonged to the human orphan nuclear receptor ^mily, 
NR4A. The NR4A family consists of 3 genes, Nur77, 
Nurrl, and NOR1 that encode Ugand-unknown tran- 
scription factors. The family regulates gene expression 
that is involved in reproduction, development, and adult 
physiology, and they have been implicated in diverse cel- 
lular signaling events, such as neuroendocrine regulation 
[13-15], neural differentiation [16, 17], and liver regen- 
eration [18], Nur77 and MORI also play a key role m 
apoptosis of T lymphocytes [19-22] as well as other lym- 
phoid ceil types. We have extended our earlier investiga- 
tions to clarify the relationship between eosinophil-spo- 
cine apoptosis that occurs via the CD30pathway [23] and 
expression of the NR4A family genes in vitro. The im- 
portance of NR4A orphan nuclear receptor family gene 
expression in eosinophils to the pathology of allergic con- 
ditions was also studied, 



Material* and Methods 

Blood Samples for GtmeChip and Reed-Tims R T-PC& 
Blood samples from 2 patients with severe aD, 2 patients with 
mild AD, and 2 healthy volunteers were used for AXfymeirix 
GcneChip analysis- Th B gene expression in the patient population 
ahown in table 1 was confirmed by realtime RT-FCR. Patients with 
AD ^exe diagnosed according to the criteria of Hanifin [24] 5 and 
Che severity of AD was Judged using a modified version of Leices- 
ter's scoring system, a* reported previously [25, 26], Briefly, five 
clinical features (erythema, papule, excoriation, oozing, and hchsn- 
incation) were evaluated a* six body sitae (hand, trunk, elbow, band, 
knee and foot). The percentage area of clinical features per whole 
body surface was used to define the AD severity (mild <10%; mod- 
crate > 10% and 00%; severe >30%). . . 

The AD patients were treated with topical glucocorticoid oint- 
ments, A mild steroid (mainly hydrocortisone acetate) was used for 
treating the face and a sirong steroid (mainly dexamethasone valer- 
ate) For the body. None of the AD patients nad b*en treated with 
systemic glucoeorticoids. Accordms to the diagnostic standards of 
Hanifin [24], w* diagnosed characteristic eczema *ben the diseased 
areas appeared on both face and chest. Chronic and recurrent der* 
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Table 1. Patient population 



Healthy controls 1 3 persons (6 males, 7 females) 

age 26-63 years (average 39-3) 

Mild, AD 1 5 persons (9 nialca, 6 females) 

age 0-21 years (average 10.2) 

Moderate AD 1 5 persons ( 1 1 males, 4 females) 

age 3-1S years (average 9/4) 

Severe AD IS persons (9 males, 9 females) 

age 0*29 years (average 1 1 .3) 



malitis was also characterized in parienu less than 1 year old by a 
duration of more than 2 months. Moreover, all patients under 1 
year of age who were selected for study were IgE-positivc and had 
ease histories of dry skin and staphylococcal infection. In cases aged 
over l year, persistence of the diseased area for more than 6 months 
was a diagnostic criterion- 
Written mfcrmed consent to participate in the study was ob- 
tained from volunteers or parents of minors after providing thera 
with detailed information about the study and the rights of subjects. 
Our experirncnta were authorized by the ethical committees of both 
Genoa Research and the National Research Institute for Child 
Health and Development 

Purification of Peripheral Blood Leukoma ■ 
Granulocytes were Isolated from hepaxinised venous blood by 
Ficoll-Paque (Amersham Biosciences, Uppsala, Sweden) centrifu* 
gaiion. Red blood cells were removed by hypotonic rysis. The 
CDlc-negatlve flow-through eosinophil fractions were collected 
with MACS separation columns (Miltenyi Biotcc, Bcrgisch Glad- 
bach, Germany). The eosinophil cell purity was always greater than 
99% by DifRQDick staining. The CD1 o-positive fraction* were col- 
lected as neutrophils. The T cell, B cell, and monocyte fractions 
were isolated from the peripheral blood mononuclear cell layer by 
using CD3 and CD 1 4 MACS separation kits and columns (Mfltecyi 
Biotee). Total RKA from both isolated fractions and cultured cells 
was prepared using an JWA extraction la c (Isoccn solution, Nippon 
Gene. Tolcyo, Japan). 

Culture of Peripheral Blood Eosinophils after Siimutatlon witf 
AnU-CD30 Antibody or Anti-Fas Antibodies and Fveluniton of 
Postndiure Cell Apoptosis/ViabUlry 

Eosinophil stimulation with anti-CD30 antibody (Ab) was done 
as previously described [23]. Eosinophils with a purity of more than 
99% isolated from a healthy volunteer were suspended at a ecll 
density of 1 x l0*/m1 in Iscovc's minimal essential medium 
(IMEM) supplemented with 10% heat-m&ctivatcd feral calf serum, 
5 x 10" 5 3/2-mercaptoethanol, and 1 ng/ml human recombinant 
UrS (R&D Systems, Minneapolis, Minn., USA). For culture ex- 
periments, 6-well culture plates were cosrefli overateht at 4X with 
I.S-ml aliquot* or aoti-CD30 Ab (10 US/ml final concentration; 
Ber-HS, IgGl;BD Pharmingen, San Diego, Calif., USA) or anti-Fas 
Ab (1 isB/rnl final concentration; done CH-1 1, IgM; Medical Bio- 
logical Laboratories, Gunnia, Japan). Nonspecific binding to u/ fi Us 
was blocked by incubation with 2-ml aliquots of PBS containing 
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1% human swum albumin (hcai-denatured ac 65'C for J h) for ai 
least 2 h at room temperature. The weUs were washed iwicc with 
orewairoed IMEM before use. # f 

Cell viability waa tested **idi an apoptosis detection Kit (MEB- 
CYTO-Apoptosb kit; Medical Biological Laboratories, Nagoya, J a- 
pan) using FITC-conjugatfrd annexin V p7] and propidium iodidu 
(K) according to the manufacturer's instructions. Briefly, cultured 
eosinophils were harvested ai various time points by gentle pipet- 
ting, followed by a single wash with PBS. The harvested eosinophils 
were suspended on Ca 2 *-containing buffer and incubated with 
FITG^onjugated anncxin V and 10 j^ml Pi for IS min at room 
temperature. The anncxm V-positive and Pl-sUmed cell* were 
quantified by flow cytometer (FACScan analyzer; BD Biosciences, 
San Jose, Calif., USA). 

Culture of Eosinophil Cell Line. AMLJ<3D20, after 

Stimulation wilhAnn-CD30 ar Anti-Fas Abs and Evaluation 

offtstcuhuriCettApopiosis/VlabilUy 

A human eosinophil esll line, AML14.3DJ 0 «U* [2S], obtained 
from Wright State University (Dayton, Ohio, USA), were grown m 
RPMI 1640 containing 10% heat-inacftvatcd fetal calf serum, 5 x 
1CT 5 Jl/2-rn«captoethanoL and 1 mM sodium pyruvate. The solu- 
ble anti-CD30 Ab (Bef-H8, IgGt) 10 u£/ml or anti-Fas Ab (clone 
CJM1, IEM3 1 Hgfinl were added to 0-5 x lOVmi of the 
AML14.3D10 cell suspension. Apoptosis and cell viability were 
measured vamg tho same procedures described forperipheral blood 
eosinophils. U0126 (10 \iM final concentration; Calbiochcm, San 
Diego, Calif,, USA) or SB20350S (10 pM final concentration; Cal- 
biochcm) was added simultaneously with the Abs and was present 
for the duration of the survival assay. 

GzwChip Probes and Analysis 

GcncChip analysis of 6 human peripheral blood eosinophils 
isolated from 2 s«v«re AD patients, 2 mild AD patients, and 2 
healthy volunteer? was done as follows. The comparisons of eo- 
sinophils from the three groups of patients were done pairwise to 
give a total of four sew of comparisons for analysis. Genes showing 
greater than a 3-fold change (the ratio of values of average differ- 
ence id the 2 samples being compared) in any of the comparison 
pairs were selected for further evaluation. The GeneChip Human 
Genome HG-U95A arrays (AfTymetrix, Santa Clara. Calif., USA) 
with probes for 12,626 human genes were used to survey and quan- 
tify the level ofmRNA transcripts. The manufacturer's instructions 
were followed for all procedures associated with the GcncChip ar- 
ray analysis. After scanning with the HP Gene Array Seaaner, tha 
fluorescence intensity with each probe was quantified using the arw 
my data analysis program, OcneChip Analysis Suite 4 0 (Asyme- 
trix). The level of each single mKJNA was determined as the average 
fluorescence intensity obtained by 1 6-20 paired (perfectly matched 
and single nudeodde-misraached) primers consisting of 25-basc 
oligonucleotides and shown as a value of average difference. 

Real-Tims RT-PCR 

For quantitative confirmation of gene expression, the real-time 
quantitative RT-PCR method was performed using an ABI PRISM 
7700 Sequence Detection System (Applied Biosystems, Foster 
City, Calif., USA) as described previously [26, 29]. The total RNA 
samples were DNasc treated, mixed with oligo (dT) 1 2-1 8 primer 
(inviirogen, Carlsbad, Calif. USa) 3 and converted to the firs* 
strand cDNA using superscript II reverse transcriptase (In">irc- 



gcn). The three nuclear receptor genes in the eDNA samples ware 
amplified by introducing the forward and reverse primers and Taq- 
Man probes designed by Primer Express software (Applied Biosys- 
tems):Nur77: 5'-CCA CTTTGG QAA GGA AG AT OCT, 5'-ACT 
TTC GGA TGA CCT CCA GaG A, and 5' 6-earboxy fluorescein 
(FAMVATG TAC AGC AGT TCT AGO ACC TGC TCT CCG-3' 

O^arboxy-trtnimethylrhodaminc (TaMRA); Nurrl : 5'-AGC ACA 
GGC TAC GAC GTC AA, 5'-TCT TCT ACC TTA ATG GAG 
GAC TGC f and 5'FAM-TTG TAC CAA ATG CCC CTG TCC 
GGA-3' TAMRA; N0R1 : S'-TGG GTG CCC TOG TaG aAC T 5 
5'-GCT TCA GOT AGA AG A TGC GCT. and 5'FaM-AOG AAG 
ATC TGC ACC CTG GGC CT03' TAMKA. 

The cDNA templates, including coding regions of these genes, 
were cloned from human leukocyte cDNa libraries and introduced 
into the system as standards. Expression levels of the human house- 
keeping genes, glye^raldehyde«-3-phospbat* dehydrogenase (GAP- 
DH)j weroalso quantified in all samples using the standard primers 
and the TaqMan probe (PE Applied Biosystcms). 

statistics 

The nonparametric Dunnet signed rank teat was used to evalu- 
ate the changes in gene expression in each group of clinical samples. 
The results were expressed as mean £ standard error (SB), p values 
of less than 0.05 were considered to be sifinifecant. 



Results 

Expression o/NR4A Nuclear Receptor Family Genes 

In Peripheral Blood Eosinophils in vivo 

Blood samples from 2 patients with severe AD, 2 pa- 
tterns with mild AD, and 2 healthy volunteers were used 
for Asymetrix GeneChip analysis. We selected 24 genes 
with more than 3-fold changed inRNA expression in eo- 
sinophils of 2 severe AD patients, 2 mild AD patients, 
and 2 healthy volunteers (table 2). Among these 24 genes, 
there were genes for two orphan nuclear receptors, Nur77 
and NOR1 > belonging to the NRAA nuclear receptor fam- 
ily. Nur77 was selected after a 4.5-fold increase in expres- 
sion levels observed in samples from severe AD patients 
as compared to those from healthy individuals, NORl 
expression was d.6 times higher in eosinophils from pa- 
tients with severe AD as compared to those with mild AD. 
When large numbers of samples were used from the pa- 
tients shown in table 1, the expression of genes for both 
receptors measured by real-time RT-PCR was significant- 
ly higher in eosinophils from AD patients than from 
hoalthy volunteers (fig. la, c). Nurrl, another receptor in 
the NR4A three-member nuclear receptor family, was not 
identified in GeneChip comparison analysis, but also 
showed a higher expression in eosinophils from AD pa- 
tients than ia those from healthy volunteers (table l) by 
real-time RT-PCR (&& lb). 



NR4A Nuclear Receptor Family in 
Eosinophils 
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Tabte 2. List of selected genes by GcoeChip analysis 



analysis 



■if gene* 



Accession", 
No. 



Annotation 



Differential 1 



Mild/healthy 8 



Severs/healtny 13 



Sev&re/mUd 



3S06S_at 
3S647_at 
37383J_at 
41S77JK 

328U_at 
34230_r^at 
3603 Lai 



333i$ju 
34325.it 
35083 jU 
35297_at 

36U3LSLat 
36674at 

3g?76_at 
39780_at 
40375jit 
41163_ar 
676_g_at 



406S9_at 
38994_at 
34449^ 



AF002210 
AAS26812 

ABO2O630 

U11870 

M245*4 

DS4454 

AB024401 



copper ebaperone for SOD 

NCI CGAP Pr2 EST 

HJLA class I heavy chain locus C 

KIAA0823 

IL^S receptor typo A 

mtcrforoo-induoibl© 56-kDa. protein 

UDP-galactose transbcator 

p33 



increase 
increase 

decrease 
increase 
decrease 
decrease 
increase 
inoreaso 



L13740 Nur77 

AF0O967A AXIN 

AJ005S53 JM26 protein 

A3LD31670 ferritin, light ^^ ri f^* Vtifi7^ A 73SG6 

AC002400 chromosome 16 BAC clone CIT987SK-A-735G6 

AJ01 1712 TrWTt gene, exotv 1-1 i 

J04130 Act-2 

AD0O1530 XAP-5 

P44497 actin binding protein p5 ' 

M29551 caJcineiim A2 

X63741 pilot niR^lA 

AL109672 cDNA doae EUROIMAGE 755S6 S 

J041S4 intcrfcrott-induciblg protsio 9-27 



increase 

increase 

increase 

decrease 

Increase 

Increase 

increase 

increase 

decrease 

increase 

increase 

increase 

decrease 



U 12767 tfORl 

AF0379S9 STAT-induced STAT inhlWw-2 

U13022 negative regulator of programmed cell dcaib ICH-1S^ 



increase 
increase 
decrease 



'Fold • 
, change 



4.0 
3.3 

-4.7 
3.7 
-14.5 

-6,9 
3.5 
4-0 



4.5 
7.0 
12 

-3.7 
3.2 
9-1 
8.5 
5.9 

-3.3 
8.0 
16 
4.4 

-4.3 



4.6 

4.0 

-3.7 



Among peripheral blood leukocyte fractions from 5 
healthy volunteers, the basal NOR1 expression, level was 
dominant in eosinophils. The neutrophil, B cell, T cell, 
and monocyte fractions showed little NOR1 expression, 
However, the expression of genes of the other NR4A fam- 
ily members, Nur77 and Nurrl, was not eosinophil spe- 
cific in the leukocyte fractions (fig. 2). 

Expression ofNR4A Nuclear Receptor Family Genes 
in Cultured Eosinophils or the Eosinophil Cell Line, 
AMU4.3D10 

The expression mechanism of the NR4A nuclear re- 
ceptor ftmily genes was studied in vitro using cultured 
eosinophils isolated from healthy volunteers. After dose- 
related stimulation by cytokines, such as IL-4, IFN-y, 
GM-CSF, coUxin, or IL-5, ihera was no increase in 
the gene expression. Similar negative results were seen 
after steroid treatment (data not shown). 

We have previously reported that anti-CD30 Ab and 
anti-Fas Ab induced eosinophil apoptosis in the presence 
of IL.3 [23]. In this study, Fas Ab-induced apoptosis was 



not eosinophil specific. Rapid expression of the NR4A 
receptor family, especially Nur77 and NOR1, was ob- 
served with the anti-CD30 Ab treatment, but not with the 
anti-Fas Ab, in cultured peripheral blood eosinophils af- 
ter 1-3 a (% 3). The rapid NR4A orphan nuclear recer> 
tor family gene expression and the subsequent apoptosis 
after soluble anti-CD30 Ab stimulation were also ob- 
served in the eosinophil cell line, AML14.3D10 (fig. 4). 
In this cell line, Nur77 andNORl were also rapidly ex- 
pressed in both the presence (data not shown) and ab- 
sence of IL-5. Induction of the Nurrl gene expression 
was not observed clearly. Both the apoptosis of the 
AML14.3D10 cellline and NR4A gene family expression 
was downrejulated by the MAPK inhibitor, U0126 (fig. 
5). However, the p38 inhibitor, SB203508, had no effect 
on either the NR4A family gene expression or the subse- 
quent apoptosis (J5£- 5). 
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Fig t The expression levels of NR4 A nuclear receptor family 
mRtfA in peripheral blood fcoaiaophils, The cxpressiOT of three 
nuclear rcceptof genes, Nur77 (.). Nurrl (h), ana NORl (c)> 
eosinophil samples from healthy volunteers and patients with raUd 
moderate, and severe AD is shown (mean = SE> * p < 0.05 p < 
0 01) Tnc copy numbers of each transcript par 1 ftg RNA, stan- 
dardized t>y levels of tnc GAPDH transcript, are shown on the or- 
dinate, 
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Rg. 2. The expression fcvels of NR4A nuclear receptor family 
rnRNA in peripheral Wood leukocyte fractions. The escpresMen of 
S^nVdcar receptor genes. Nur77 (-), Nurrl (b). and NORJ (c). 
in eosinophil (B), neutrophil (N). B cell (B). T cell CT), and motto- 
eyte (M) factions of 5 beaJtby volunteers is shown (moan ± SE). 
The copy numbers of each transcript per 1 ag RNA, standaxdjzed 
by levels of the GAPDH transcript, are shown on »h« ordinate. 



tified out of the relatively small number of genes that were 
Discussion selected by comprehensiva expression analysis of 12,626 
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compared to eosinophils from healthy ^toajj *** the ^logical importance of these recsp- 

S -other Member of the NR*A receptor family, was ox- 



; Z Z " int Arcn Allergy Immunol 

Nuclear Receptor Family in ^ . 37(suppl ^35,44 

Eosinrohfls . ^feb f AVAILABLE COPY 



39 



ShlMlZU fAltNl UhhiUt 



nu 110/ r. i j 




160000 r 



30(h) 



120000 



soooo 



^ aoooo 




i 


1 


< 


<> 


& 


o 

1 


Ll_ 






24h 



200000 r 
^isooop 

^.120000 



aoooo 



I 



40O0O 



a 4 _ jl 



Oh 







3 


-J 


-T3 

<?: 




3 


S 
o 




5 


Q 






o 






O 






3h 






24h 



15000 
§12000 
j= 9000 

i 

% 6000 
2 3000 























1 


i 


I 


z 






3 




a 


•8 






o 












8. 




oh 










ah 




24h 





n. a ADomosis induction and the «p region levels of NR.4A Midear receptor family mRNA in pcripbcrtJ blood 
5££S5£S^M aftefaotnCDSO or anti-Fas Ab Md. J. f ^ SKlllS 

tafia M and nuclear receptor gene expression for Nur77 (D). NurrJ (c), and NORl (d) Ifl f "P**™ ^ 
S^^tta^?* 1 JUL recombinant H>5 - ^ The copy nun^r, rf «* P- 
1 a/wA, standardized by levels of the GAPDH transcript, are shown on the ordmate. 



pressed at a higher level in eosinophils of AD patients than 
in eosinophils of healthy volunteers reinforces this eonclu. 
sion, The enhancement of NR4A receptor gene expression 
in eosinophils correlated well with the increase in num- 
bers of eosinophils in peripheral blood in previously doc- 
umented patient groups [26]. The AD patients were not 
age matched in this study to the healthy volunteer group. 
However, age differences are unlikely to account for the 
differential expression between AD patients and healthy 
volunteers because both younger and older AD patients 
have been reported to have similar responses [31, 32]. 
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The findings that only NOR.1 expression was eosino- 
phil specific when compared with other leukocyte frac- 
tions, as well as patterns of the expression of Nur77 and 
Nurrl in the same fractions suggest that NORl expres- 
sion is the most important of theNR4A nucleari scapiot^ 
p -mily genes in AD patholo gv/Differences in NORl gene ^ 
•e xpression weiB aiiti r r ounSTpy comparisons of differential 
display analysis of eosinophils in identical patients dur- 
ing both the exacerbation and remission phases of AD, 
NORl expression was remarkably elevated by bedside 
treatment and was accompanied by a drastic decrease m 
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after atu>CD30 or anU-Fas AD WW«» «; " e f » ™j> ^ H fe ^ abseace of fomm recombi- 

caption for Nur77 (b), Nun J g. an* ^2£^3S»S* P« * standardized by M> 

nant 11^5 axe shown as mean ± SE. Toe copy numosn w 
of the GAPDH transcript, are snc-wn on the ordinate 



the number of eosinophils fa P^P hefa1 ^^ 
shown). The changes in the oxp«^on of >^4 A nuclear 
receptor genes, which correlates with the number of en- 
Shils in pathologic conditions, ^icatesthax These, 
^enaniay be related to eosinoEhjlapop^pil^ur^ 
1*^*1^5^ genes ,n Tee 

f 19-221 Activation-induced cell death signaling wT cells 
throng T cell receptors dramatically induces these two 

^ of nuclear 
receptors is essential because expression analysts cannot 



determine whether the different*! ^f 3 ^^ 
ative effect on disease or whether it » tanked to the 

these two possibilities, wc used an ra vitro eosinophil cul- 
ture system and tested the effect of various stunulation 
conditions. We measured the expression of many eosino- 
phil senes from healthy volunteers after stimulation with 
cytokines, such as IFN-'Y, GM-CSF, 1L-3, cotaxm or ttrS 
mboth a time- and dose-dependent manner. It has been 
Sported that 11^5, IW, -»d GM-CSF prolong ^inopml 
Sal and inhibit apoptosis [33-35]. In contrast, 1V4 
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induces apoptosis in peripheral .blood eosinophils [36] 
Several genes, including those for cytokine receptors and 
antiapoptotic genes, such as bel-2 and Dd-xL. were high- 
ly expressed in eosinophils from bothAP patients an d 



SterSXand IL -4 stiniulation [2o]j riowever, the rei£ 
[5J£EipToWeenTnese genes ano NR4A r 



■eoeptor family 

genes are unknown because stimulation with cytokines 
had no effect on the expression of any of the NR4A recep- 
tor genes in eosinophils. Steroids are possible inducers of 
eosinophil apoptosis [37-39). However, in our study, ste- 
roids had no effect on the expression of NR4A genes in a 
leukocyte population that included eosinophils (data not 
Shown). Therefore, differential expression of NR4A nu- 
clear receptoraene in clinical samples of eosinophils irom 



AD patients is likely to be independent of the nonsys- 
temic s teroid tr» atTT "*-nt _ — . — - 
— W c have found that eosinophil-specific unique apop- 
tosis signaling occurs through CD30 moleoules [23]. A 
positive correlation between the level of soluble CD30 
molecule and theserum eosinophil cation ic protein levels 
in patients with AD indicates the essential naturt l Of 
CD30-mediatcd signaling to the pathology of AD [40, 
41] Soluble CD30 can inhibit CD30-CD30 ligand signals 
in vivo [42]. Rapid induction of Nur77 and NOR1 recep- 
i tors 1-3 h after agonistic plate-bound anti-CD30 Ab stim- 
ulation of cultured peripheral blood eosinophils suggests 
that events different from those involved in Fas signaling 
result in eosinophil-specific apoptosis. The similar results 
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in the eosinophil. ceU line, AMLK.3D10, for a scarce n- 
duction of Nurrl support ihe likelihood of distort path- 
ways The .experiment using specific signal transduction 
inhibitors also confirmed the relation between eosinc- 
phil-specific apoptosis and rapid NR4A nuclear receptor 
c-ene expression. Both the apoptosis of the eosinophil ceil 
fine and rapid expression of the NR4A nuclear receptor 
Sy were deregulated by the MAPK inhibitor. 
Sore, ERKl/2 phosphorylation by MEK1/2 TOS 
downstream of CD30 signaling and upstream of the nu- 
clear receptor family could be involved m eosinophil 
apoptosis via expression regulation of the NR4A nuclear 
receptor family genes in anergic condemns such as AD 
n38 phosphorylation regulation docs not appear to nave 
an impact on eiiher the receptor family gene expression 
or the subsequent apoptosis. 

^xpision of the CD30 inoMij- 
detected at low levels- on eosinophil surfaces W 
masuits signal* through adaptor proteins of the jTNFR- 
associated factor (TRAF) family ^dudin* T ^:^';' 
and -5 The result of CD30 signaling is the activation of 



transcription faotocs such as NF-kB and Jun N-cermmal 
kinase [43-47]. We can now add the NR4A receptor fam- 
ily, one of the families of genes for transcription fatfors, 
as the source of molecules which intervene in the CD30- 
mediated activation pathway. 

Since NR4 A nuclear receptor family genes are induced 
at immediate-early times in many tissues, the gene fam- 
ily may also be involved in other functions best des apop- 
tosis [48]. In this paper, we have reported that theNR4A 
nuclir receptor family gene* are abundantly expressed 
m human peripheral eosinophils in AD conditions and 
we suggest that they play specific roles in cosinophu-sp^ 
"dfic apoptosis. NR4A nuclear receptor family pnes en- 
code orphan receptors [30]. Either ,e«o4* discovered 
liaands or specific compounds that regulate Nur77-, 
Nunt- or NORl-dependcnt transcriptional activity are 
potentially valuable pharmaceutical treatments for AD 
since they are likely to regulate eosinophil apoptosis. Our 
hope is that thescrcsults will encoumge the searchfornew 
therapeutic targets that arc directed to eosinophils for 
treatments of allergic diseases such as AD. 
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